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Research Objective
The objective of the proposed effort is to develop solution models of complex waste glass systems and spent fuel that are predictive with regard to composition, phase separation, and volatility.
Research Progress and Implications
This report summarizes work after 8 months of a 3-year project. Initial efforts in the project involved further information gathering and the updating of software. Reports on earlier thermochemical efforts supported by Pacific Northwest National Laboratory (PNNL) were acquired. Site visits to PNNL related to activities in the Tank Focus Area were used to obtain information on important waste glass issues.
The ChemSage software was upgraded to version 4.0 which allows for more efficient file handling and provides interfaces with Lotus and Excel spreadsheets. Identical software was provided to all program participants so that the interchange of calculations are facilitated.
The subsystems which make up the host glass system need to be initially modeled. Utilizing the database associated with the ChemSage software, and after necessary modification, the phase equilibria of the systems Na 2 O-SiO 2 , Al 2 O 3 -SiO 2 , Na 2 O-Al 2 O 3 , and Li 2 O-Al 2 O 3 were evaluated. The associated species model was used such that all the phases formed from combinations of the metal oxides were assumed to exist in a single, ideal solution phase. This phase is thus the glass phase. The thermochemistry requires that heats for fusion be added to the 298 K enthalpy of formation and the entropy adjusted by adding the heat of fusion divided by the melting point to the 298 K entropy. Thus the phase is treated as a liquid below its melting point.
The associated species model for the glass phase was used in equilibrium calculations for the above phase systems in order to reproduce their reported phase diagrams. The ability to reproduce the phase diagram is an indication of the appropriateness of the model since the phase equilibria are typically very sensitive to thermochemical values. Not surprisingly, some modifications to the thermochemical values of the solution species were necessary in order to reasonably reproduce the phase diagrams. For the Na 2 O-SiO 2 making the 298 K enthalpy of formation for the Na 2 Si 2 O 5 solution species 10 kJ more positive allowed for an excellent match with the experimentally-determined phase diagram.
Planned Activities
Experiments required to determine melting points of urania-boria compositions have been initiated. This data is key to accurate modeling of borosilicate glasses containing actinides, and is not available in the literature. This work should be completed by September 1998. A system for assembling the binary oxide phase equilibria into the multicomponent database necessary for the global compositions is being developed, and should also be completed by the end of the fiscal year. Simultaneous with that is the modeling of the lithia-containing binary oxide systems.
Fiscal 1999 will be devoted to completing the subsystem database, incorporating the uraniaboria data, and performing other necessary urania experiments. It is expected that the first global glass activity computations will be performed before the end of the fiscal 1999. The final year of the program will see global calculations performed on a number of practical glass compositions and the results compared to available activity/solubility data. Initial efforts will be made to use similar techniques for spent nuclear fuel to assess the feasibility of the approach.
